This paper presents the results of three different fibers, Kenaf (hibiscus cannabinus), oil palm (Elaeis guineensis) and abaca (Musa textilis) which were treated using 5 different types of surface treatments namely sodium hydroxide for 24 hours, glycidoxypropyltrimethoxy-silane for 24 hours, NaOH followed by Silane (each 24 hours), NaOH followed by Silane (each 12 hours) and NaOH followed by Silane (each 6 hours). The mechanical strength of the fibers were then studied and compared to the untreated fibers. The highest strength was given by the fibers treated with NaOH followed by the combined treatments and the lowest were the fibers treated with silane. Also the bonding strength between the fibers and unsaturated polyester resin were then evaluated using micro droplet pull out tests. It was proven that all the treatments improved on the bonding strength. The highest was silane followed by NaOH. For the combined treatments it was found that the highest IFSS was given by the lowest treatment duration at 6 hours, due to the alkali nature of NaOH corroding the fibers which were then filled with silane, thus losing the ability to properly bond with the resin. The samples were also then characterized using a SEM to check the surface morphology which revealed that the NaOH reduced the diameter by removing impurities and lignin, thus increasing the aspect ratio. While silane coats the surface, increases the diameter and reduces the aspect ratio.
Introduction
As the world is moving towards eco sustainability, more and more clean or renewable technology is being adapted for a variety of uses. An example of these applications is the approach of using natural fibers to replace synthetic fibers in a multitude of fields. Studies by researchers that compared the life cycle environmental performance of natural fiber composites with glass fiber reinforced composites have found that in specific applications natural fiber composites are environmentally superior to glass fiber composites. The researchers have proposed that the reasons for their findings are due to the fact that natural fiber production results in lower environmental impacts compared to glass fiber production, due to natural fiber reinforced composites having higher fiber content for equivalent performance thus reducing the need of more polluting base polymers, especially in automotive applications, fuel efficiency is increased and emissions are reduced due to lower weight of natural fiber composites and end of life incineration of natural fibers results in energy and carbon credits [1] . Kenaf (hibiscus cannabinus), oil palm (Elaeis guineensis) and abaca (Musa textilis) are examples of natural fibers which have been in use in recent times as reinforcement material. Natural Fibers can be generally classified into three different types, leaf fibers (eg. abaca and pineapple leaves), bast fibers (e.g. kenaf, flax, hemp and jute) and fruit/seed fibers (e.g. oil palm empty fruit bunch and rice husks). The kenaf fibers are obtained from its stalk, the oil palm fibers are obtained from its fruit bunch and the abaca fibers are obtained from its leaves. The applications and uses of these fibers have been studied extensively [2] . Wambua et al [3] have highlighted that the percentage of composites that use natural fibers to replace synthetic fibers have been on the rise. Industries such as aerospace, automotive and construction have all began to adopt NF as a replacement for synthetic fibers due to concerns such as cost, environmental and sustainability. The current trend shows that the future use for natural fibers has the potential to develop further, as was discussed in the article by Sreenivasan et al [4] . Past research have confirmed that NF just be modified to increase the surface adhesion and compatibility between the fibers and the resins. There are many types of surface treatments available that can be grouped into chemical and physical treatments. Chemical treatments are more common owing to the ease of treatment and the availability. One of the most common treatments used for natural fibers are alkaline treatment or mercerization. Alkaline treatments disrupt the hydrogen bonding in the network structure, thus increasing surface roughness which aids in better mechanical interlocking. This treatment removes a certain amount of lignin, wax and oils covering the external surface of the fiber cell wall, depolymerizes cellulose and exposes the short length crystallites. The treatment also promotes an increase on the number of possible reaction sites by increasing the amount of cellulose exposed on the fiber surface. The ionization of the hydroxyl group to the alkoxide is also promoted by the addition of aqueous sodium hydroxide (NaOH) to natural fibers [5] . The chemical changes to the surface can be seen in the equation below [6] .
By conducting research and review on coir fibers, Yanjun et al [7] has shown that the normally hygroscopic natural fibers can be converted into a hydrophobic reinforcement, by a proper surface or bulking treatment with silanes which can be used for non-polar polymer matrices. As the cell walls are not filled with silane, a surface coating may only serve to decrease the water absorption rate but does not reduce the amount of water absorbed. However, the cell wall nano pore size may be reduced and the hydroxil functionalities may be deactivated or covered by a bulking treatment. This has been confirmed by Sawpan et al [8] by conducting a spectroscopic analysis (FT-IR) of the untreated and treated hemp fibre reinforced PLA and UPE composites. The FT-IR revealed that for the silane and alkaline treated fibers, there is an increase of the covalent and hydrogen bonding between fibres and matrices compared to the untreated fibers. They have also shown that there is an increase of at least 20 % of the interfacial shear strength compared to the untreated. Cho et al [9] have studied the effectiveness of different types of silane treatments on the mechanical properties of kenaf fibers. The have found that among the three silane coupling agents used, the most effective one for the property improvement was 3-glycidoxypropyltrimethoxy silane (GPS) when it was applied to the kenaf fibers at 0.5 wt% for surface treatment, resulted in the increased interfacial shear strength, flexural, tensile, and dynamic mechanical properties of the both kenaf/PP and kenaf/UPE composites. Other researches have also indicated that GPS silane treated kenaf gives a comparable flexural modulus when compared with glass fibers [10] . The reaction schemes for silane treatments are as compiled by Agrawal et al [6] are as follows.
One of the ways to measure the effectiveness of the treatment is using interfacial shear strength or IFSS. The most common method used is the micro-droplet test, where a micro-droplet of polymer is placed on a single fiber and is pulled out [11] . Researchers have studied the effectiveness the single fiber pull out test and have found that there were various factors that needed to be controlled to achieve accurate results. The factors were the viscous relaxation of polymer matrix during processing and curing, inability to precisely control the loading knife separation distance, nature of
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the loading, shape of the cured droplet, mixed-mode state of stress, plastic yielding of the matrix, and reproducibility of the sample preparation [12] . They have also done an FEA modeling of the micro-droplet and have concluded that it is a viable method to study interfacial shear strength [13] .
Others have done similar tests on kenaf, ramie, abaca and oil palm fibers. They have proved that the interfacial strength can be obtained via this test method [14] .
Materials and Methodology

Materials and treatments
Malaysian locally harvested and retted kenaf (Hibiscus cannabinus) and oil palm (Elaeis guineensis) fibers were used for this study. The Abaca(Musa textilis) fibres were harvested in Philippines. There were 5 different treatment methods applied in this study. The fibres that were treated by soaking them in 5% wt sodium hydroxide (NaOH) for 24 hours are marked as Na, those that were soaked in 0.6% wt 3-glycidoxypropyltrimethoxy silane (GPS) for 24 hours are marked as SI and the fibers were washed with distilled water and dried at 60°C for 8 hours. The combined surface treatments were done by first soaking the fibers in sodium hydroxide, washing them with distilled water, drying the fibres at 60°C for 8 hours and then soaking them in silane before finally washing the fibres with distilled water and drying the fibres at 60°C for 8 hours. There were three different duration of combined treatments done each at 6 hours, 12 hours and 24 hours of soaking and are marked as NaSi 6, NaSi12 and NaSi respectively. The resin used was unsaturated polyester resin (UPE) which was sourced locally with a styrene monomer content of 30%. The catalyst Methyl ethyl ketone peroxide (MEKP) that was used was also sourced locally. Both of these were sourced from Luxchem Group of companies, Malaysia. The GPS silane was 3-glycidoxypropyltrimethoxy silane grade KH578, 99.99% by weight liquid silane which was supplied by Nanjing Capatue Chemical Company Ltd., Nanjing, China. The Sodium hydroxide used was supplied by Merck Sdn. Bhd., Malaysia.
Fiber Aspect Ratio
The fiber aspect ratio represents the ratio between the length and the diameter. It is given by the equation below. One of the ways to describe fiber geometry is by using the aspect ratio i.e. the L/D ratio. During a study into the relationship between the aspect ratio and the elastic modulus of kenaf short fiber reinforced composites, C.H. Hsueh [15] have demonstrated that the tensile modulus starts to reduce below the aspect ratio of 15. Puglia et al [16] have found that a L/D ratio of cellulose fibers at 40 gave the highest elastic modulus. They have also concluded that Due to the changes in the aspect ratio during the composite compounding process, the strength of different weight percentage of was affected. Hence the L/D parameter should be considered in the theoretical approach of the estimation of elastic moduli as the aspect ratio also causes variation in the surface size of the fiber. The have also proven that the aspect ratio of fibers can be translated into the surface are of the fibers = (4) 2.3 Single Fibre Tensile Tests The fibres were mounted onto the specimen tab as shown in figure 1 as per the ASTM C1557 -03(2008) standard and the tests were conducted using a 5 KN Instron 3365 Universal testing machine. The tests were conducted under a constant cross-head displacement rate with a speed of 500 X 10 -6 m/min. The single fibre diameters were measured along the gage length on at least 10 spots, using an optical microscope and an average diameter was taken.
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Where τ is the interfacial shear strength (MPa) F is the load at maximum stress (N) D is the single fibre diameter (m) L is the embedded length (m) Table 1 depicts the kenaf test data obtained by means of single fiber tensile tests. Table 1 lists the values of the ultimate tensile strength including the variance obtained for untreated, sodium hydroxide treated, silane treated and also combined treatments of 24, 12 and 6 hours respectively. For the fiber itself it can be said that treating the fibers with sodium hydroxide improves the overall tensile strength of all the three fibers, OPF has the highest improvement with 14% followed by Kenaf which had an improvement of 8% and lastly abaca which had an improvement of 5%. The increase in the tensile strength comes from the thinning of the fibers. The sodium hydroxide cleans the surface of the fiber, removing impurities such as lignin, dirt and wax which do not contribute to the strength of the fibers. The combined treatments does not seem to contribute to the strength, the abaca fibers showed a decrease of 48%, 46% and 34% for the NaSi, NaSi12 and NaSi6 respectively. For the kenaf fibers, the fiber strength was found to decrease by 36%, 17% and 3% for the NaSi, NaSi12 and NaSi6 respectively in comparison with the untreated fibers. The OPF fibers show a decrease of 13%, 5% and 4% respectively for each of the treatments listed above. The fibers treated with 0.5% silane were found to be the weakest, weaker than the untreated fibers as silane was found to have coated the fibers and aid in the removal of hemicelluloses and lignin that held fiber bundles together. The efficiency of stress transfer between fiber bundles was reduced. For the combined treatments, the ultimate tensile strength has been found to be in between those treated with sodium hydroxide and Silane treated fibers with the 6 hour combination treatment being the highest amongst all three. The partial removal of lignin and other alkali soluble compounds from the fiber surface by the alkali treatment increased the absorption of the silane coupling agent. This can be said to be due to the Sodium hydroxide having not completely cleaning the surface and silane coating the impure surface. The highest diameters obtained throughout the tests were for the fibers coated with silane followed by the untreated fibers. Table 1 better illustrates the comparison of the fibers clearly showing that the highest diameters are for the fibers that were treated with silane. As the fiber is coated with silane and it is absorbed to the surface and bonds with the hemicellulose creating a better adhesion to polymers. The above discussions on the effect of NaOH on the removing wax, lignin and other impurities is proven here as the lowest diameter obtained are the fibers that were treated with 24 hours of NaOH. The OPF fibers show the largest increase in the aspect ratio which was at 42% followed by abaca 36% and finally kenaf with 33%, when they are treated with NaOH. This was due to the original OPF fibers having the largest amount of impurities which was dissolved by the NaOH, thus increasing the aspect ratio tremendously. For the combined treatment it has been found that the 24 hours of NaOH and silane gave the highest aspect ratio increase for all three fibers followed by 12 hours and finally the 6 hours. In OPF, kenaf and abaca, an increase of 41%, 31% and 11% of the aspect ratios respectively is observed when treated with the 24 hours combined treatment. It can be seen that the 24 hours of NaOH originally used to treat the fibers strips away a large amount of material that the silane coating is unable to replace thus reducing the fiber diameter overall. The increases of the aspect ratios serve to help to promote adhesion by increasing the surface area. This has a positive effect as the increase in surface area translates to better polymer to fiber adhesion. However for the abaca fibers, the combined treatments of 12 hours and 6 hours each gave an increase of 5% and 11%, with no observable diameter changes for the 12 hour treatment. Untreated abaca fibers were found to have a cleaner surface are compared to kenaf and OPF. The reason for this maybe the lignin and hemicellulose content of abaca fibers itself which were reported to be lower compared to kenaf and OPF. Other researches have studied and found that the highest lignin content was for OPF followed by kenaf and finally abaca [17, 18] . They have found that abaca contains 7-9%, kenaf contains 15-19% and OPF contains 20.5% lignin. As the sodium hydroxide cleans and strips the fiber of its lignin and
Results and Discussions
Single Fiber Tensile tests
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waxes, the decrease in diameter is very high. As for the silane treated fibers, the aspect ratios were found to have been reduced by 3%, 5% and 9% for kenaf, OPF and abaca respectively, this is due to the coating effects of silane which coates the surface thus increasing diameter, and decreasing the aspect ratio. Figure 3 depicts the composite images of abaca fibers with the different treatments that were conducted. The figures are a) NaOH+Silane 24Hrs, b) untreated, c) Silane and d) Sodium Hydroxide. All the SEM data was obtained using a Hitachi VP-SEM S-3400N under a 5kV potential difference. From Figure 3 for Kenaf, it can be seen that the surface of the untreated fiber has impurities such as dirt specs, dust and wax, which were not cleaned during the retting process. A layer of lignin can also be observed. On the silane coated fibers the SEM shows a very smooth surface. This is due to the silane coating the surface and covering the impurities as well as filling the voids to give a smooth surface which better adheres to the polymer. As for the NaOH treated fibers, it can be observed that surface roughness has increased due to the removal of a significant amount of lignin and hemi-cellulose. The roughness of the surface also promotes adhesion between the fiber and the polymer. For the three combined treatments, there were no observable differences in the surface morphology; it can be observed that the removal of the lignin and other surface impurities leaves a void which is then filled by silane. Hence the surface smoothness is between that of silane and the untreated fibers. Figure 4 shows a typical load-extension curve for the micromechanical droplet pull out test. The load increases until the droplet moves or at the greatest load is the load where the pull out occurs. From this point onwards the load starts to reduce due to the some residual stress and also some micro adhesiveness between the fiber surface and the polymer droplet. It is clearly shown in Figure  5 that the droplet has moved. It was found that the movement of the droplet coincides with the extension and also the shape of the droplet did not change due to the polymer breaking. The fiber diameter was re-measured to ascertain there were no diameter change. There was no observable diameter change. From Figure 6 , it can be observed that all the treatments clearly improved on the interfacial shear stress. And it was seen from the micromechanical tests that the highest interfacial shear stress was given by the fibers that were treated with silane. The IFSS on the untreated fibers were 0. The reduced values were probably due to the high duration of the NaOH treatment which had stripped the fibers of large amounts of lignin and hemicellulose, leaving behind voids which are then filled with silane. The penetration reduces the effects of silane as it is a surface agent. Some of the silane coating may have also been neutralized by the excessive NaOH, thus making this treatment the weakest amongst all treatments. 
Scanning Electron Microscope Data
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Conclusions
[1] It can be concluded that silane treatments reduce the mechanical strength of all the treated fibers. This was due to Silane absorption and the acidic effects of the silane treatment agent. Silane was also to have found to have the greatest effect on the bonding strength of the fiber. [2] It can also be seen that the highest fiber tensile strength is achieved by the fibers treated with NaOH. This was due the fibers that were stripped off the components such as lignin and wax which leads to reduced fiber diameters composing of cellulose structures that contribute towards the strength of the fibers. [3] For the combined treatments, the strength of the fibers were found to have an inverse relationship to the duration of the treatments, thus further lending strength to the above said statement that the acidic properties of silane reduces the fiber strength. [4] In terms of the IFSS the combined treatments have improved from the untreated fibers, however the effects were lower than that of Silane due to the NaOH stripping away a large amount of material which was then filled with silane. It can also be seen that the larger duration of treatment produced the lowest interfacial shear stress. [5] It can be concluded that the effect of the combined treatments have been successfully studied and evaluated with IFSS micro droplet technique.
